Background/Aims: Owing to the lack of effective molecular markers to evaluate colon cancer differentiation grade, screening of effective molecular markers for the diagnosis and treatment of colon cancer is of great significance. This study is a screening study for molecular markers related to the differentiation of colon using the tissue-specific genes of colon. Methods: This study compared the expression profiles of colon cancer at various differentiation grades and screened the down-regulated genes associated with decreased differentiation. IL22RA1 gene was derived from the intersection of obtained gene and colon tissue-specific genes. We used DriverDB and The Human Protein Atlas to analyze the expression level of IL22RA1 in various tissue cells, also used Kaplan-Meier method to analyze the correlation between IL22RA1 and the survival of colon cancer patients, and then used the ROC curve to analyze the specificity and sensitivity of IL22RA1 diagnosis of differentiated colon cancer. Results: We found that IL22RA1 gene expression was progressively down-regulated in high-differentiated, moderatedifferentiated, low-differentiated, and undifferentiated colon cancer tissues. Both RNA and protein levels of IL22RA1 were higher in colon tissues and colon cancer tissues than in other normal and cancer tissues. Comparison of IL22RA1 expression in different cancer cells found that IL22RA1 expression was significantly higher in CACO-2 colon cancer cells than in other cancer cells. Survival analysis showed that IL22RA1 gene expression was positively correlated with the overall survival rate of colon cancer patients (P=0.0224). ROC curve analysis revealed that IL22RA1 expression had good specificity and sensitivity to stage II colon cancer. Conclusion: These findings suggest that IL22RA1 serves as a specific molecular marker for the differentiation of colon cancer.
Introduction
The occurrence and metastasis of colon cancer remain detrimental to human health. Great differences exist with respect to speed of development and metastasis time of colon cancer in different patients [1] . Accurate diagnosis of benign or malignant tumors and determining the development speed is of great importance for the treatment and prognosis of patients with colon cancer. The degree of tumor differentiation signifies the difference between tumor and normal tissues. Highly-differentiated tumors closely resemble normal tissues, both morphologically and functionally, and are characterized by high maturity, lowgrade malignancy, slow progression and late metastasis. Conversely, low-differentiated tumors closely resemble a stem cell morphology, with high karyoplasmic ratio and weakness or loss of previous biological function. Hence, low-differentiated tumors are characterised by low maturity, high-grade malignancy, rapid progression, and early metastasis. The choice of regime in clinical treatment depends on tumour differentiation grade. According to histological characteristics, the differentiation grade of colon cancer includes highdifferentiation, moderate-differentiation, low-differentiation, and undifferentiation (grade I, grade II, grade III, and grade IV, respectively). Although some molecular markers have been used in clinical diagnosis and treatment of colon cancer, such as immunohistochemical labeling used in pathologic diagnosis [2] , we have failed to identify specific molecular markers to evaluate the differentiation grade of colon cancer. This type of molecular marker would aid identification of the differentiation grade of colon cancer and determine the source of cancer tissue where morphological examination is unclear. Tissue differentiation grade is closely related to tissue-specific gene expression. Tissue-specific genes, also called luxury genes, are a group of genes whose function and expression are preferred in one or several tissues or cell types. Tissue-specific genes can code proteins that decide the growth of tissue cells and are associated with the biological functions of certain organs. This study aimed to screen the specific molecular markers involved in the differentiation of colon cancer, and to identify tissue-specific genes closely related with colon cancer differentiation. Finally, further study was performed to verify reliability of the selected genes and their diagnostic value in determining the differentiation grade of colon cancer.
Materials and Methods

Screening of specific molecular markers for differentiation
To identify molecular markers relevant to the differentiation grade of colon cancer, we screened colon tissue-specific genes that positively-correlated with various differentiation grades. After comparing differentially expressed genes in high-differentiation, moderate-differentiation, low-differentiation, and undifferentiation colon cancer cases, genes that were down-regulated with decreased differentiation were screened. The GSE2109 dataset (chip platform: Affymetrix Human Genome U133 Plus 2.0 Array [3] ) retrieved from the Gene Expression Omnibus (GEO) database [4] includes 2158 cancer cases. From these cases, 239 cases of primary colon cancer were retrieved with details of tumor grade, including 8 cases of grade I (high differentiation), 176 cases of grade II(moderate differentiation), 51 cases of grade III (low differentiation) and 4 cases of grade IV (undifferentiation). Paired comparison was performed as follows: grade II vs. grade I, grade III vs. grade II, and grade IV vs. grade III. Genespring was used to screen differentially expressed genes. One-way analysis of variance (ANOVA) was performed for data analysis. P values were calculated with asymptotic and multiple testing corrections with the Bonferroni family-wise error rate (FWER) [5] . Differentially expressed genes with a P value less than 0.05 were selected with a single fold-change. The intersection was obtained from the selected differentially expressed genes according to descending order of differentiation grade. The intersection was obtained between the screened genes and the colon tissuespecific genes. Tissue-specific genes whose expression was down-regulated with decreased differentiation were screened as specific markers for differentiation. Tissue-specific genes of colon were obtained from two databases: Tissue-specific Gene Expression and Regulation (TiGER) [6] , including 199 colon tissue-specific genes; and The Human Tissue-Specific Proteome [7] (belonging to The Human Protein Atlas project), including 165 colon tissue-specific genes. Based on the screening in this study, we identified IL22RA1 as a specific molecular marker for the differentiation of colon cancer.
Analysis of IL22RA1 expression
To determine IL22RA1 expression in colon tissues and colon cancer tissues, IL22RA1 expression data from the 239 colon cancer cases of GSE2109 was extracted. IL22RA1 expression in different grades was 
Survival analysis of IL22RA1
IL22RA1 is a colon tissue-specific gene whose expression is down-regulated with decreased differentiation, therefore decreased IL22RA1 expression may promote decreased differentiation, increase the malignacy of colon cancer, and affect patient survival time. Hence, it is necessary to analyze the correlation between IL22RA1 expression and the survival time of colon cancer patients. The GSE39582 dataset retrieved from the GEO database was used to assess survival analysis of IL22RA1. This dataset includes 562 cases of colon cancer tissues with detailed overall survival time (chip platform：Affymetrix Human Genome U133 Plus 2.0 Array). IL22RA1 gene expression was retrieved from this data and ordered from low to high to represent low-and highexpression groups (n = 281), respectively. Kaplan-Meier [12] was used to compare survival rates of the two groups and the survival curve was obtained.
Receiver operating characteristic (ROC) curve analysis of IL22RA1
The ROC curve was used to verify specificity and sensitivity of the IL22RA1 gene for colon cancer differentiation grade. Based on the 239 colon cancer cases from the GSE2109 dataset, we found 176 grade II cases and 51 grade III cases. In this study, we extracted IL22RA1 gene expression data from these 227 cases and determined diagnostic efficacy of the IL22RA1 gene to grade II colon cancer through ROC curve analysis.
Results
Screening of specific molecular markers for differentiation
After comparing the expression profile of differentially expressed genes in colon cancer, 108 genes were identified whose expression was down-regulated with decreased differentiation. The intersection was obtained between these 108 genes and 199 colon tissue-specific genes from the TiGER database, and six genes (CDX2, GUCY2C, IL22RA1, CFTR, SLC5A1, and TMC5) were selected. The intersection was further obtained from these selected 6 genes and 165 colon tissuespecific genes from the Human Tissue-Specific Proteome database, and three genes (CDX2, GUCY2C, and IL22RA1) were selected (Fig.  1) . Previous studies have reported CDX2 and GUCY2C are differentiation-related genes in colon cancer. Hence, this study focused on the IL22RA1 gene. 
IL22RA1 expression
IL22RA1 expression data of the 239 colon cancer cases were extracted from the GSE2109 dataset and drawn graphically (Fig. 2 ). IL22RA1 gene expression was different in colon cancer samples from different grades, with decreased expression in groups with lowdifferentiation. DriverDB analysis found that RNA levels of IL22RA1 gene were significantly higher in colon, colon cancer, rectum, and rectal cancer tissues than in other tissues (Fig. 3A) . IL22RA1 protein level was detected immunohistochemically and analyzed by The Human Protein Atlas. The results showed that IL22RA1 protein level was higher in colon tissues compared with other normal tissues, and was higher in colon cancer tissue compared with other cancer tissues (Fig. 4) . After analyzing IL22RA1 gene expression in cancer cells, we found that IL22RA1 gene expression was significantly higher in CACO-2 colon cancer cells than in other cancer cells (Fig. 3B) . Analyses showed that both RNA and protein levels of IL22RA1 had obvious colon tissue-specificity and could serve as a promising molecular marker. IL22RA1 gene expression was down-regulated with decreased differentiation and might be a key gene to maintain normal differentiation of colon cancer.
Survival analysis of IL22RA1
Survival analysis showed that in the 562 cases of colon cancer, IL22RA1 gene expression was positively-correlated with overall pateint survival rate (P = 0.0224) (Fig. 5A) . The IL22RA1 gene survival curve showed that survival rate was high in patients with high expression of IL22RA1, and low in patients with low expression of IL22RA1.
Diagnostic efficacy of IL22RA1
ROC curve analysis was performed on the IL22RA1 gene expression data in 227 cases of colon cancer (grade II and grade III) (AUC = 0.679, P = 0, 0001) (Fig. 5B) . The results revealed that IL22RA1 gene expression had good specificity and sensitivity to grade II colon cancer and that IL22RA1 could serve as a valuable molecular marker for differentiation specificity in the diagnosis of colon cancer.
Discussion
This study compared colon cancer expression profile data in various differentiation grades and screened genes that were down-regulated with decreased differentiation. Colon-specific genes were then selected from these genes as the specific molecular markers of differentiation. After a further Qi/Ding: Differentiation-Specific Molecular Biomarkers in Colon Cancer screening, three genes (CDX2, GUCY2C, and IL22RA1) were indicated. Previous studies have reported that CDX2 and GUCY2C are differentiation-related genes in colon cancer. CDX2 expression has been shown to inhibit the differentiation of intestinal neoplastic epithelium [13] and CDX2 gene polymorphism increase the risk of colon cancer [14] . Furthermore, deficiency of CDX2 expression is associated with poor prognosis of colon cancer [15, 16] . CDX2 expression is specific in colon tissue and inhibits the migration of colon cancer cells [17] . These studies suggest that CDX2 can inhibit tumor growth [18] .GUCY2C is also expressed specifically in colon tissue [19] , and is often regarded as the molecular marker with highspecificity [20] . GUCY2C has been shown to inhibit the development and metastasis of colon cancer [21, 22] , and has been used in the detection of colon cancer micrometastasis [23] . Furthermore, previous studies have reported that GUCY2C can regulate the balance between intestinal proliferation and differetiation [24] and is closely related to the recurrence and survival time of colon cancer [25] . Accumulated studies have shown the association between CDX2, GUCY2C, and colon cancer. Expression of both CDX2 and GUCY2C promotes the differentiation and inhibits the occurrence, development, and metastasis of colon cancer, and improves colon cancer prognosis as tumor suppressor genes [26] . Previous studies have reported that CDX2 and GUCY2C are differentiation-related genes in colon cancer, which implies reliability of the screening method used in this study. Hence, this study focused on analysis of the IL22RA1 gene. This study reports an association of the IL22RA1 gene and cancer and found that IL22RA1 gene expression was downregulated with decreased differentiation. Both RNA and protein levels of IL22RA1 had obvious colon tissue-specificity. Interestingly, IL22RA1 gene expression was significantly higher in CACO-2 colon cancer cells compared with other cancer cells, and correlated with the overall survival time of colon cancer patients，survival curve indicates that IL22RA1 has a negative impact on the development of colon cancer, and suggests that IL22RA1 gene expression has an effect on the differentiation grade of colon cancer. Decreased IL22RA1 gene expression would therefore weaken colon cancer differentiation, resulting in low-differentiation or undifferentiation. As a result, patient survival time would be shortened because of promoted tumor cell proliferation, increased malignancy and early metastasis. ROC curve analysis revealed that IL22RA1 gene expression had good specificity and sensitivity for colon cancer. This study analyzed the close association between IL22RA1 and the differentiation grade of colon cancer by different methods.These results indicate IL22RA1 as a specific molecular marker for the differentiation of colon cancer. Detection of IL22RA1 gene expression therefore provides a new diagnostic marker for colon cancer.
